ABSTRACT: Nine ruminally cannulated cows fed different energy sources were used to evaluate an avian-derived polyclonal antibody preparation (PAP-MV) against the specific ruminal bacteria Streptococcus bovis, Fusobacterium necrophorum, Clostridium aminophilum, Peptostreptococcus anaerobius, and Clostridium sticklandii and monensin (MON) on ruminal fermentation patterns and in vivo digestibility. The experimental design was three 3 × 3 Latin squares distinguished by the main energy source in the diet [dry-ground corn grain (CG), high-moisture corn silage (HMCS), or citrus pulp (CiPu)]. Inside each Latin square, animals received one of the feed additives per period [none (CON), MON, or PAP-MV]. Dry matter intake and ruminal fermentation variables such as pH, total short-chain fatty acids (tSC-FA), which included acetate, propionate, and butyrate, as well as lactic acid and NH 3 -N concentration were analyzed in this trial. Total tract DM apparent digestibility and its fractions were estimated using chromic oxide as an external marker. Each experimental period lasted 21 d. Ruminal fluid sampling was carried out on the last day of the period at 0, 2, 4, 6, 8, 10, and 12 h after the morning meal. Ruminal pH was higher (P = 0.006) 4 h postfeeding in MON and PAP-MV groups when compared with CON. Acetate:propionate ratio was greater in PAP-MV compared with MON across sampling times. Polyclonal antibodies did not alter (P > 0.05) tSCFA, molar proportion of acetate and butyrate, or lactic acid and NH 3 -N concentration. Ruminal pH was higher (P = 0.01), 4 h postfeeding in CiPu diets compared with CG and HMCS. There was no interaction between feed additive and energy source (P > 0.05) for any of the digestibility coefficients analyzed. Starch digestibility was less (P = 0.008) in PAP-MV when compared with CON and MON. In relation to energy sources, NDF digestibility was greater (P = 0.007) in CG and CiPu vs. the HMCS diet. The digestibility of ADF was greater (P = 0.002) in CiPu diets followed by CG and HMCS. Feeding PAP-MV or monensin altered ruminal fermentation patterns and digestive function in cows; however, those changes were independent of the main energy source of the diet.
INTRODUCTION
In the last 4 decades, the inclusion of ionophores as a feed additive in cattle diets has become common practice in the manipulation of ruminal fermentation, increasing feed efficiency and productivity (Russell and Strobel, 1989) . The growing concern regarding the use of antibiotics in animal agriculture has led to prohibition of the use of antimicrobials as growth promoters in cattle diets of some countries (Houlihan and Russell, 2003) . Because of the importance of the economic impact of ionophores in animal nutrition, there is a need for the development of new feed additives that perform similar functions to the antibiotics or ionophores and yet have a decreased risk of the development of antimicrobial resistance (Newbold, 2007) .
The concept of immunity as a potential tool in the manipulation of ruminal fermentation has been previously cited (Hardy, 2002; Berghman and Waghela, 2004) . Gill et al. (2000) observed that sheep immunized against Streptococcus bovis Sb-5, by means of an intramuscular vaccine and subsequently challenged with a high-grain diet, maintained greater DMI, greater ruminal pH, and had reduced ruminal lactate concentrations compared with control animals. Oral doses of avian-derived polyclonal antibody preparations (PAP) against S. bovis and Fusobacterium necrophorum were effective in reducing ruminal counts of target bacteria in steers fed high-grain diets (DiLorenzo et al., 2006 (DiLorenzo et al., , 2008 .
The objective of the present study was to test the effects of a multivalent polyclonal antibody preparation (PAP-MV) against several ruminal microorganisms and immunogens (S. bovis, F. necrophorum, Clostridium stricklandii, Clostridium aminophilum, Peptostreptococcus anaerobius, and Escherichia coli O157:H7) on ruminal fermentation patterns and in vivo digestibility of cannulated cows fed 3 different energy sources.
MATERIALS AND METHODS
All animal were cared for and personnel were trained according to the guidelines established by the São Paulo State University (Brazil) Ethical Committee for Animal Research.
PAP
Similar procedures to those described by DiLorenzo et al. (2006 DiLorenzo et al. ( , 2008 were used to generate PAP used in the present study, with the exception that a PAP-MV (RMT Optimize, CAMAS Inc., Le Center, MN) was tested, instead of species-specific PAP as described previously. Immunogens were extracted from model bacteria grown under proprietary conditions to express the surface antigens that the organism uses to attach to cells. Antigens were then purified from the culture, and isolated adherin immunogens were made for injection into egg-laying hens with no adjuvant. The model organisms for this study were S. bovis (ATCC 9809), which is a main lactic acid-producing bacterium; F. necrophorum (ATCC 27852), which is involved in the development of liver abscesses in acidotic animals; C. stricklandii (ATCC 12662), C. aminophilum (ATCC 49906), and P. anaerobius (ATCC 49031), which are hyper-ammonia-producing bacteria; and E. coli O157:H7 (ATCC 43895), which is a human pathogen that develops in ruminants under acidosis.
In the product RMT Optimize (CAMAS Inc., Le Center, MN), approximately 26% of antibodies acted against S. bovis, 12% against F. necrophorum, and 48% against proteolytic bacteria C. aminophilum, P. anaerobius, and C. stricklandii. The rest of the antibodies (14%) acted against E. coli O157:H7.
More than 600 hens were immunized per each immunogen. Eggs collected were analyzed weekly by specific ELISA test plates to monitor antibody binding. For the study preparations, approximately 200 immunized hens were randomly selected from the total group of hens used for egg collection. Eggs were collected for 3 d, and the product was made from eggs pooled from this collection. The PAP-MV product was made using a mixture of egg protein, molasses, soy oil, and PBS at pH 7.4. During the study, the PAP-MV product was fed at 10 mL/d. Approximately 8 mL of the egg protein was present in each 10-mL aliquot of the PAP product. Titers by ELISA averaged between 1:50,000 and 1:1,000,000. The preparations contained IgY, IgM, and IgA. Concentrations of 1.4 mg of antibody (predominantly IgY) per milliliter of egg were observed. This included approximately 10 to 20% of the preparation that was not active. Because antibodies against many bacteria are found in most eggs, commercially available egg products or eggs were tested for antibodies to specific microbes using the same protocols used to produce egg protein. The ELISA titers did not detect binding to the specific attachment factors in these commercial eggs.
Animal and Experimental Procedures
The trial was conducted at the College of Veterinary Medicine and Animal Science, University of São Paulo, Brazil. Nine Holstein nonpregnant and nonlactating cows (initial BW = 690 ± 76 kg; final BW = 712 ± 79 kg) fitted with ruminal cannulas were randomly assigned to three 3 × 3 Latin squares, each one based on dry-ground corn grain (CG; yellow dent type, Agroceres 1051, Rio Claro, Brazil), high-moisture corn silage (HMCS), or citrus pulp (CiPu). Inside each Latin square, animals received 1 of the feed additive treatments: none (CON), monensin (MON), or PAP-MV in 3 periods of 21 d each. Cows were housed in a tiestall barn equipped with individual feed bunks, rubbermatted floors, and automatic water fountains shared by 2 animals. There were fans on the ceiling to relieve the high temperatures during the day. Body weight was measured at the beginning of period 1 (d 1) and at the end of each of the 3 periods (d 21) at the same time each day.
Diets
Diets were fed as total mixed rations with a ratio of concentrate to forage of 70:30 (DM basis). Diets were offered twice daily at 0800 and 1600 h throughout the experiment for ad libitum consumption (minimum of 10% feed refusal). The forage source was fresh sugarcane chopped with theoretical average particle size of 1.18 cm, with the measurement taken by the Penn State Particle Size Separator according to Lammers et al. (1996) . Approximately 2 wk before the commencement of the experiment, animals started to receive the experimental diets for gradual adaptation until they reached the final ratio of concentrate to forage of 70:30 at the beginning of the first experimental period: 100% forage for 3 d (d 1 to 3), 70% forage for 3 d (d 4 to 6), 50% forage for 3 d (d 7 to 9), and 30% forage for 3 d (d 10 to 12). Feed additives were delivered directly through the ruminal cannula twice daily, just before meals; MON at 300 mg of active principle/d (3 g·d −1 of the commercial product Rumensin, Elanco Animal Health, Indianapolis, IN) was administered in absorbent tissue paper and PAP-MV was delivered at 10 mL/d using a 10-mL syringe.
The composition and analyzed nutrient content of the experimental diets is presented in Table 1 . Although nonlactating cows were used as an experimental model, the diets were formulated to test the additives in feedlot diets with energy sources commonly used in practice. Considering a steer of 400 kg and a DMI of 2.5% of BW, test diets were formulated to attend the maintenance plus a BW gain of 1.24, 1.53, and 1.10 kg/d for CG, HMCS, and CiPu diets, respectively. This corresponded to a DMI of 1.63, 1.67, and 1.51 times the ME maintenance for CG, HMCS, and CiPu diets, respectively. Diets were formulated using the Cornell Net Carbohydrate and Protein System model version 5.0.40 (Fox et al., 1992) .
Sample Collection and Laboratory Methods
DMI. All feeders were examined every morning at 0630 h. If there was no feed surplus, feed offered was raised by 10%. If there was a ~10% surplus, the feed was kept at the same amount and if the surplus was >10%, the feed offered was reduced by 10%. At the last 5 d of each period of 21 d, feed surplus from each cow was collected and weighed to calculate feed intake.
Total Tract DM Apparent Digestibility. Digestibility trial consisted of 10 d from the 12 to 20 d of each experimental period. Chromic oxide was used as an external marker to estimate apparent nutrient digestibility, as described by Bateman (1970) . The first 5 d (d 11 to 16) were used for marker adaptation and the last 5 d (d 17 to 21) for sample collection. For each animal, DMI was measured at the last 5 d of each period and grab samples of feces (approximately 200 g) were collected from the rectum in the last 5 d of the sampling period. Cows received 15 g/d of Cr 2 O 3 , through ruminal cannula, twice daily (7.5 g at each feeding time). Chromic oxide concentration was determined colorimetrically through its reaction with σ-diphenylcarbazide, according to Graner (1972) .
Feed and fecal samples were dried at 55°C for 72 h and ground to pass a 1-mm screen. Composite samples per cow were used to determine DM (method 934.01; AOAC, 1990); OM (method 924.05; AOAC, 1990); CP by total N determination using the micro-Kjeldahl technique (method 920.87; AOAC, 1990); ether extract determined gravimetrically after extraction using petroleum ether in a Soxhlet extractor (method 920.85; AOAC, 1990); calcium (method 968.08; AOAC, 1995); P (method 965.17; AOAC, 1990); and NDF (with heatstable α-amylase), ADF, and pectin according to Van Soest et al. (1991) . Starch analysis was done according to Pereira and Rossi (1995) , with previous extraction of soluble carbohydrates, as proposed by Hendrix (1993) . The value of nonfiber carbohydrates (NFC) was estimated by the formula: NFC (% DM) = 100 -(CP + NDF + ether extract + ash) according to Hall (2001) .
Ruminal Fermentation Variables. Ruminal fluid samples were collected at d 21 of each period through the ruminal cannula with a vacuum pump at 0, 2, 4, 6, 8, 10, and 12 h after the morning meal. On this day, animals were fed once at the morning. The evening meal was offered after the collection of the 12-h sample. Approximately 500 mL of rumen fluid was collected, at each sampling time, from 3 different parts of the rumen. After the collection of samples, the remaining ruminal fluid was returned to the rumen. Immediately after the collection, 100 mL of rumen fluid was used for pH determination with a portable digital pH meter (HANNA Instruments Limited HI8424, Bedfordshire, UK) calibrated with solutions of pH 4.0 and 7.0. (Fox et al., 1992) .
For short-chain fatty acid (SCFA) analyses that included acetate, propionate, and butyrate, a fraction of approximately 100 mL of ruminal fluid was centrifuged at 2,000 × g for 20 min at room temperature, and 2 mL of the supernatant was added to 0.4 mL of formic acid and frozen at -20°C for further analyses, according to Erwin et al. (1961) . Short-chain fatty acids were measured by gas chromatography (Finnigan 9001, Thermo Scientific, West Palm Beach, FL) using a glass column 1.22 m in length and 0.63 cm in diameter packed with 80/120 Carbopack B-DA/4% (Supelco, Sigma-Aldrich, St. Louis, MO). Lactic acid concentration was measured by a colorimetric technique, according to Pryce (1969) .
For NH 3 -N concentration determination, 2 mL of the supernatant was added to 1 mL of 1 N of H 2 SO 4 solution and the centrifuge tubes were immediately frozen until the colorimetric analyses, according method described by Kulasek (1972) and adapted by Foldager (1977) .
Statistical Analysis
Results were analyzed by SAS software (SAS Inst. Inc., Cary, NC), after verifying residue normality by Shapiro-Wilk test (PROC UNIVARIATE). Feed intake and in vivo digestibility were analyzed by MIXED procedure of SAS. The model included the effects of feed additive, energy source, and the interaction between feed additive and energy source as fixed factors. The effects of period, interaction between energy source and period, as well as animal nested within energy source were considered random factors. The variables ruminal pH, total concentration, and molar proportion of SCFA, lactate, and NH 3 -N concentration were analyzed by MIXED procedure of SAS with repeated measures (Littell et al., 1998) . The model accounted for the same effects as described above plus time and its interactions with feed additive and energy source. The effects of period, interaction between period and energy source, interaction between period and time, as well as the interaction between period, time, and energy source, animal nested in energy source, and the interaction between period, animal, and feed additive nested in energy source were considered random factors. The matrix that fit best to data was the autoregressive covariance structure. Effects were considered significant at P ≤ 0.05. All means presented are least squares means, and effects were separated by PDIFF option of SAS.
RESULTS AND DISCUSSION
An interaction between feed additive and energy source was observed for DMI (P = 0.05; data not shown). In cows receiving no feed additive (CON), DMI was greater (P = 0.01) when HMCS (12.07 kg/d) was fed vs. CiPu (5.69 kg/d). There was no difference between those 2 treatments and CG (9.47 kg/d) in CON group (P = 0.09). In cows receiving MON, DMI was greater (P = 0.03) when HMCS (11.06 kg/d) was fed vs. CG (6.02 kg/d). There was no difference between these 2 groups and CiPu (7.58 kg/d) in the MON group (P = 0.11). Contrary to this observation, a decrease in DMI has been reported in feedlot cattle when HMCS was included in the diet compared with dry-rolled corn (Ladely et al., 1995) .
Ruminal fermentation variables are reported in Table  2 and Figure 1 . For ruminal pH, a feed additive × time postfeeding interaction was observed (P = 0.04). At 0 h postfeeding, ruminal pH of MON (6.72) was greater (P = 0.03) than PAP-MV (6.47) and CON (6.46). At 2 and 4 h postfeeding, ruminal pH of MON and PAP-MV groups were greater (P < 0.05) than CON. At 6 h postfeeding, pH of the MON group (6.03) was greater (P = 0.04) than CON (5.82), without difference (P = 0.79) between these 2 groups to PAP-MV (6.03; Figure 1a) .
Our results agree with in vitro (Schelling, 1984) and in vivo (Nagaraja et al., 1982) data showing that MON is effective in preventing ruminal pH decline after feeding. DiLorenzo et al. (2006) observed that steers receiving a PAP against S. bovis (PAP-Sb) in high-grain diets had increased ruminal pH at 5.5 h postfeeding when compared with control (6.08 vs. 5.67). In addition, S. bovis counts were reduced in steers fed PAP-Sb. Blanch et al. (2009) also reported an increased ruminal pH in heifers fed PAP-Sb when compared with control 6 h postfeeding at d 16 (6.70 vs. 6.11), 18 (6.54 vs. 5.95), and 19 (7.26 vs. 6.59) of the experimental period. Moreover, DiLorenzo et al. (2007) observed that a PAP against selected proteolytic, amylolytic, and gram-negative bacteria was effective in maintaining a greater ruminal pH in early lactation dairy cows, where mean daily ruminal pH (6.07 vs. 5.75) and mean daily maximum ruminal pH (6.82 vs. 6.36) were greater for cows receiving PAP when compared with control.
Moreover, for ruminal pH, an energy source × time postfeeding interaction was observed (P < 0.001). At 0 h postfeeding, ruminal pH was greater (P = 0.009) in the group fed HMCS (6.83) when compared with CG (6.38) and CiPu (6.43). Ruminal pH was greater (P = 0.02) at 2 h postfeeding in cows fed CiPu (6.19) vs. CG (5.81); however, HMCS (5.89) did not differ (P = 0.60) from the other 2 energy sources. At 4 h postfeeding, ruminal pH in CiPu cows (6.10) was greater (P = 0.01) than CG (5.69) and HMCS (5.72; Figure 1b) . Mendoza et al. (1999) reported a linear decrease in ruminal pH when increasing amounts of high-moisture corn grain were added in place of dry-rolled grain sorghum to sheep diets, probably as a result of an increased rate of ruminal degradability of the diet. The findings regarding ruminal pH in ruminants fed pectinrich diets are mixed. Ben-Ghedalia et al. (1989) and Piquer et al. (2009) observed greater ruminal pH in sheep fed high-pectin diets compared with high-starch diets. Conversely, Leiva et al. (2000) and Assis et al. (2004) did not observe differences in ruminal pH when comparing high-pectin or high-starch diets for lactating dairy cattle.
A significant (P = 0.002) interaction between energy source and time was verified on total SCFA concentration in almost all sampling times. At 0, 8, 10, and 12 h postfeeding, total SCFA concentration was greater (P < 0.05) for CiPu when compared with CG and HMCS. At 4 and 6 h, total SCFA concentration was greater (P < 0.05) for CiPu than CG and not significantly different between these 2 groups and HMCS (data not shown).
Absorption rate of SCFA is influenced by dissociation rate, which is determined by ruminal pH. In basic pH, the dissociated form is predominant, reducing the absorption rate. This may explain why in CiPu-fed cows, where ruminal pH was more stable during the day (mean pH = 6.2), total SCFA concentration was greater in relation to the other energy sources (Santos, 2006) .
An interaction between feed additive and time (P = 0.03) was verified for acetate:propionate (Ac:Pr) across all sampling times, where Ac:Pr ratio was greater in PAP-MV than MON, without a difference between these 2 groups and CON (Figure 1c) . Although it was not observed in this study, a decrease in Ac:Pr when feeding MON compared with control is expected (Bergen and Bates, 1984; Ramanzin et al., 1997) . This decrease is related to changes in microbial population promoted by ionophores that select for gram-negative organisms. These bacteria are the main producers of succinate, which could be a precursor of propionate (Russell and Wallace, 1997) . In relation to PAP-MV, Blanch et al. (2009) observed an increase in molar proportion of acetate, 6 h after feeding, when a PAP-MV against S. bovis was offered to heifers fed high-grain diets. In our study, feeding PAP-MV did not affect the molar proportion of SCFA in relation to CON.
An interaction between energy source and time was observed (P = 0.004) for acetate molar proportion across sampling times, where cows supplemented with CiPu had greater values compared with CG and HMCS (data not shown). For molar proportion of propionate, an interaction was observed between feed additive and energy source (P = 0.008). In animals fed CG, molar proportion of propionate was greater (P = 0.004) in CON (34.5) vs. MON (23.1) and PAP (26.3). In animals fed HMCS, molar proportion of propionate was greater (P = 0.02) in MON (30.3) vs. CON (22.0) and PAP (20.3; data not shown). An energy source effect (P = 0.0074) was observed for Ac:Pr across sampling times (Figure 1d ). At 0, 8, 10, and 12 h postfeeding Ac:Pr was greater (P < 0.05) in CiPu compared with CG and HMCS, which did not differ between them. At 2, 4, and 6 h postfeeding, Ac:Pr was greater (P < 0.05) in CiPu compared with CG and not different between these 2 treatments and HMCS. An interaction between energy source and time was also observed for butyrate (P = 0.001). At 4 and 6 h postfeeding, molar proportions of butyrate were greater in HMCS vs. CG, without a difference between these 2 groups and CiPu (data not shown). These results are in agreement with Table 2 previously reported effects (Ben-Ghedalia et al., 1989; Nussio et al., 2002; Piquer et al., 2009 ) of the type of substrate available for ruminal fermentation in each diet. In diets based on dry-ground and high-moisture corn grain where the main carbohydrate being fermented is starch, greater molar proportions of propionate are expected. Conversely, in diets based on citrus pulp, where the main carbohydrate is pectin, a greater molar proportion of acetate is expected (Van Soest, 1994) .
The reduced values of ruminal lactic acid reported in this study are in agreement with previous studies reporting similar ranges of ruminal pH (Goad et al., 1998; Mendoza et al., 1998) . Up to a ruminal pH of 5.6, lactate is produced, but typically does not accumulate because ruminal lactate-utilizing bacteria are actively fermenting lactate into SCFA. When ruminal pH falls below 5.0, lactate catabolism bacteria are inhibited and lactate begins to accumulate (Nagaraja and Titgemeyer, 2007) . No interaction between main factors and time (P > 0.05) as well as main factor effects (P > 0.05) were observed for this variable (Table 2) .
No effect was observed for ruminal NH 3 -N concentration ( Table 2 ). The mean ruminal NH 3 -N concentration observed in this study was 4.6 mg/dL, which is less than what was recommended by Satter and Slyter (1974) for maximum microbial protein synthesis. However, in high-grain diets, ruminal NH 3 -N concentrations are typically less than the reported threshold necessary to optimize microbial growth (Ludden and Cecava, 1995; Devant et al., 2000) . At 0 h, the values of NH 3 -N concentration were around 5.3 mg/dL; the peak of concentration (13.0 mg/dL) was observed at 2 h postfeeding. After that, the values fell to 2.6 mg/dL on average and remained at these values until 12 h postfeeding.
Digestibility coefficients for DM and its fraction along with TDN of diets are presented in Table 3 . No interaction between feed additive and energetic source was observed (P > 0.05). An effect of feed additive was observed, where starch (P = 0.008) digestibility coefficient was less in PAP-MV when compared with CON (P = 0.01) and MON (P = 0.003).
For energy source effect (P = 0.007), NDF digestibility was greater in CG (P = 0.01) and CiPu (P = 0.003) than HMCS. This reduction in NDF digestibility in HMCS fed cows could be explained by the inhibitory effect that rapidly fermentable carbohydrates can cause on cellulolytic bacteria and thus on fiber digestion. This effect is probably related to a preference of some bacteria species such as Butyrivibrio fibrisolvens, Fibrobacter succinogenes, and Prevotella ruminicola for rapidly fermentable carbohydrates fermentation instead of investing energy to produce adhesion factors and cellulases for fiber fermentation (Miron et al., 1996) . Moreover, a greater rumen-reticulum passage rate in HMCS fed cows due to greater DMI could have contributed to the reduction in fiber digestibility. Total tract digestibility of ADF was greater (P = 0.002) in CiPu (P = 0.03), followed by CG (P = 0.005) and HMCS (P = 0.0006). Similar results were observed in previous studies (Bhattacharya and Harb, 1973; Porcionato et al., 2004 ) that had partial substitution of corn grain or corn silage by citrus pulp. In the present study, the increase in ADF digestibility in CiPu diets can be related to stability of ruminal pH near 6.0 throughout the day, which may have promoted cellulolytic activity (Russell and Wilson, 1996) . Moreover, this increase can be related to fibrous fraction composition of citrus pulp, which has a low lignin content (1% of DM), facilitating its digestion (Ørskov, 1987) .
Under the experimental conditions of this study, PAP-MV did not differ from MON in maintenance of ruminal pH 4 h postfeeding. Monensin prevented a decline in ruminal pH with a consequent change in SCFA profile (decreased Ac:Pr ratio), whereas PAP-MV prevented a decrease in ruminal pH without altering the SCFA profile, independent of energy source used. Digestibility of starch was decreased with PAP-MV inclusion. Further research is needed to better understand the mechanisms involved in these results.
Different energy source utilization in the experimental diets influenced ruminal fermentation variables. Citrus pulp inclusion in the diet prevented a ruminal pH decline at 4 h postfeeding, and increased acetate molar proportion and ADF digestibility when compared with CG and HMCS, regardless of the feed additive used. Within feed additives, means without a common superscript differ, P ≤ 0.05 (PDIFF).
LITERATURE CITED
A-C Within energy sources, means without a common superscript differ, P ≤ 0.05 (PDIFF). 
